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DETAILED ACTION 

Election/Restrictions 

Applicant's election of Group I drawn to a construction element and the method 
of making a construction element in the reply filed on 12/20/06 is acknowledged. 
Because applicant did not distinctly and specifically point out the supposed errors in the 
restriction requirement, the election has been treated as an election without traverse 
(MPEP§ 818.03(a)). 

Claims 26-28 are withdrawn from further consideration pursuant to 37 CFR 
1.142(b) as being drawn to a nonelected Group II, there being no allowable generic or 
linking claim. Election was made without traverse in the reply filed on 12/20/06. 

Applicant's further election of the species requirement in the reply filed on 
12/20/06 is acknowledged. Applicant elects with traverse for Species 1 of Group 1 . It 
appears that Applicant intends that the traversal is on the ground (s) that Species 1 and 
Species 2 are not separate species. This is not found persuasive because Figure 1 
shows a double layer beam with a flexible element having a course of blocks mounted 
on both the top and bottom surfaces of the flexible element which sandwiches the 
flexible element, while Figure 2, above arrows 112 shows a single layer beam with a 
flexible element having a single course of blocks mounted on the top surface of the 
flexible element. Furthermore, Figure 3 shows a single layer beam, such as the single 
layer beam in Figure 2 in use above a curved form element 310. Thus, Species 1 and 2 
are patentably distinct species. 
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Upon further review of the claims, claims 22 - 25 also read on the elected 
Species 1, and thus, claims 1-25 and 29-31 will be examined on the merits. As 
Applicant has elected Group I, Species 1 , Applicant's argument of the Species in Group 
2 is moot at this time. 

The requirement is still deemed proper and is therefore made FINAL. 

Drawings 

The drawings are objected to as failing to comply with 37 CFR 1 .84(p)(5) 
because they do not include the following reference sign(s) mentioned in the 
description: "438" in line 3 of page 1 1 and "708" in line 24 of page 14. Corrected 
drawing sheets in compliance with 37 CFR 1.121(d) are required in reply to the Office 
action to avoid abandonment of the application. Any amended replacement drawing 
sheet should include all of the figures appearing on the immediate prior version of the 
sheet, even if only one figure is being amended. Each drawing sheet submitted after the 
filing date of an application must be labeled in the top margin as either "Replacement 
Sheet" or "New Sheet" pursuant to 37 CFR 1.121(d). If the changes are not accepted by 
the examiner, the applicant will be notified and informed of any required corrective 
action in the next Office action. The objection to the drawings will not be held in 
abeyance. 

The drawings are objected to as failing to comply with 37 CFR 1 .84(p)(5) 
because they include the following reference character(s) not mentioned in the 
description: "106" in Figure 2, "300" in Figure 3, and "440" in Figure 4. Corrected 
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drawing sheets in compliance with 37 CFR 1 .121(d), or amendment to the specification 
to add the reference character(s) in the description in compliance with 37 CFR 1 .121(b) 
are required in reply to the Office action to avoid abandonment of the application. Any 
amended replacement drawing sheet should include all of the figures appearing on the 
immediate prior version of the sheet, even if only one figure is being amended. Each 
drawing sheet submitted after the filing date of an application must be labeled in the top 
margin as either "Replacement Sheet" or "New Sheet" pursuant to 37 CFR 1.121(d). If 
the changes are not accepted by the examiner, the applicant will be notified and 
informed of any required corrective action in the next Office action. The objection to the 
drawings will not be held in abeyance. 

Specification 

The abstract of the disclosure is objected to because "flexible beam (74)" in line 9 
of the abstract should read as "—flexible beam (10)—". Correction is required. See 
MPEP§ 608.01(b). 

The disclosure is objected to because of the following informalities: "then" in line 
15 of page 5 and line 32 of page 12 should read as "—than—. " Reference number "20" 
in line 30 of page 9 is used to designate the adhesive; however, "20" has already been 
used to designate the surface of "16" as noted in line 19 of page 8. The recurring 
designation of "406-414," 420-426," 450-458," is misleading because reference 
numbers 407, 409, (odd numbers) etc. are not used in the drawings. Reference number 
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"406" in line 5 of page 1 1 should read as "-^04—," because "404" was used to 
designate the beam as noted in line 27 of page 10. 
Appropriate correction is required. 

Claim Objections 

Claims 2-5, 7, 9-14, 16-20, and 25 are objected to because of the following 
informalities: "A" should read as " — The — " in the first line of the dependent claims. 
Appropriate correction is required. 

Claims 1 2 and 24 are objected to because of the following informalities: 
"element" should read as " — elements — " in the last line of the claims. Appropriate 
correction is required. 

Claim Rejections • 35 USC §112 

The following is a quotation of the second paragraph of 35 US.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claims 5, 17, 22 and claims dependent therefrom, 23, and 25 are rejected under 
35 U.S.C. 112, second paragraph, as being indefinite for failing to particularly point out 
and distinctly claim the subject matter which applicant regards as the invention. 

Claim 5 recites the limitation "the second surface" in line 2 of the claim. There is 
insufficient antecedent basis for this limitation in the claim. 

Claim 17 recites the limitation "the organic material" in lines 1-2 of the claim. 
There is insufficient antecedent basis for this limitation in the claim. 
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Claim 17 is further indefinite because of the use the word "organic" to describe a 
plastic material. The term "organic" is well known to mean as something that is derived 
from living organisms; thus, the use of the term "organic" to describe plastic is 
misleading and improper. 

Claim 22 recites the limitation "the... second block" in line 4 of the claim. There is 
insufficient antecedent basis for this limitation in the claim. 

Claim 23 is indefinite because it is a method claim that depends from article 
claim 21 . For purposes of examination, claim 23 is interpreted as being dependent from 
method claim 22. 

Claim 25 recites the limitation "the second surface" in line 4 of the claim. There 
is insufficient antecedent basis for this limitation in the claim. 

Claim Rejections <■ 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

Claims 1,3-8, 13, 15, 19-25, and 29-31 are rejected under 35 U.S.C. 102(b) as 
being anticipated by Killen (U.S. Publication No. 2004/0128948). 

Regarding claim 1 , Killen in Figure 2 discloses a construction element comprising 
a flexible element (52) having a first surface (upper surface of 52 in contact with block 
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30); and a first block element (30) having a portion (surface of 30 in contact with 52) of 
the first block attached to the first surface of the flexible block element. 

Regarding claim 3, Killen discloses a construction element as discussed above 
and further discloses that the flexible element is made of a web material (Pg 4, Par 92). 

Regarding claim 4, Killen discloses a construction element as discussed above 
and further discloses an adhesive means (Pg 4, Par 91) for attaching the first block 
element to the first surface of the flexible element. 

Regarding claim 5, Killen discloses a construction element as discussed above 
and further discloses a second block element (40) attached to a second surface (lower 
surface of 52 adjacent to 40) of the flexible element. 

Regarding claim 6, Killen in Figure 2 discloses a construction element comprising 
a flexible element (52) having a first surface (upper surface of 52 in contact with block . 
30) and a second surface (lower surface of 52 in contact with block 40); a first block 
element (30); and an adhesive layer (Pg 4, Par 91 ) substantially adhering the first block 
element to the first surface of the flexible element. 

Regarding claim 7, Killen discloses a construction element as discussed above 
and further discloses a second block element (40); a second adhesive layer (Pg 4, Par 
91), the second adhesive layer substantially bonding the second block element to the 
second surface of the flexible element (Pg 4, Par 91 ). 

Regarding claim 8, Killen in Figure 4 discloses a construction element comprising 
a flexible element (50) having a first surface (surface of 50 adjacent to "a" and 20); and 
a first block element (a) and a second block element (20), the first and second block 
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elements attached to the first surface of the flexible element with a space (14) between 
the first and second block elements. 

Regarding claim 13, Killen discloses a construction element as discussed above 
and further discloses a filling material (grouting material, see Pg 4, Par 94) at least 
partially disposed into the space (14) between the first and second block elements. 

Regarding claim 15, Killen in Figure 4 discloses a construction element 
comprising a flexible element (50) having a first surface (surface of 50 in contact with "a" 
and 20); and a first block element (a) and a second block element (20), the first and 
second block elements attached to the first surface of the flexible element with a space 
(14) between the first and second block elements; and a spacer (cables, rods, etc. on 
Pg 5, Par 101 ) disposed between the first and second block elements. 

Regarding claim 19, Killen discloses a construction element as discussed above 
and further discloses a material (grouting material, see Pg 5, Par 101) disposed into the 
space between the first and second block elements. 

Regarding claim 20, Killen discloses a construction element as discussed above 
and further discloses that the material is mortar (Pg 4, Par 94). 

Regarding claim 21 , Killen in Figure 7 discloses a construction element 
comprising a flexible element (52) having a first surface (upper surface of 52 adjacent to 
"a" and 20), the flexible element having a curve, a first block element (a) and a second 
block element (20), the first and second block elements attached to the first surface of 
the flexible element with a space (14) between the first and second block elements; and 
a spacer (cables, rods, etc. on Pg 5, Par 101) placed between the first and the second 
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block elements to hold the curve. Furthermore, the method set forth in claims 22 and 
24 would be inherent in constructing the structure set forth above. 

Regarding claim 29, Killen in Figure 4 discloses a construction element 
comprising a flexible element (50) having a first surface (upper surface of 50 in contact 
with "a" and 20) and a second surface (lower surface of 50 in contact with 60 and "b"); a 
first block element (a) and a second block element (20), the first and second block 
elements (a, 20) attached to the first surface of the flexible element with a space (14) 
between the first and second block elements; a spacer (cables, rods, etc. on Pg 5, Par 
101) disposed between the first and the second block elements; and a third block 
element (60), the third block element attached to the second surface of the flexible 
element (50). Furthermore, the method set forth in claims 23 and 25 would be inherent 
in constructing the structure set forth above. 

Regarding claim 30, Killen in Figure 4 discloses a construction element as 
discussed above and further discloses a fourth block element (b), the third and fourth 
block element attached to the second surface of the flexible element (50) with a space 
(16) between the third and the fourth block element. 

Regarding claim 31 , Killen in Figure 4 discloses a construction element as 
discussed above and further discloses that the space between the third block element 
and the fourth block element is filled with a material (grouting material, see Pg 5, Par 
101). 
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Claims 1 and 2 are rejected under 35 U.S.C. 102(b) as being anticipated by Sato (U.S. 
Patent No. 4,226,060). 

Regarding claims 1 and 2, Sato discloses a construction element comprising a 
flexible element (5) having a first surface (upper surface of 5 in contact with 2); and a 
first block element (2) having a portion (surface of 2 in contact with 5) of the first block 
attached to the first surface of the flexible block element and wherein the first block 
element is a masonry block (Col 2, Ln 40). 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 9-1 1 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Killen. 

Regarding claims 9-11, Killen discloses a construction element as discussed 
above but does not disclose that the space can range from 6.0 centimeters to 0.1 
centimeters, 3.0 centimeters to 1 .5 centimeters, or 2.0 centimeters to 1 .5 centimeters. It 
would have been an obvious matter of design choice to modify the block of Killen to 
have the space range from 6.0 centimeters to 0.1 centimeters, 3.0 centimeters to 1 .5 
centimeters, or 2.0 centimeters to 1.5 centimeters since such a modification woqld have 
involved a mere change in the size of the components and would allow for a varying 



Application/Control Number: 10/811 ,568 Page 1 1 

Art Unit: 3637 

amount of flexibility to the beam. A change in size is generally recognized as being 
within the level of ordinary skill in the art. In re Rose, 105 USPQ 237 (CCPA 1955). 

Claims 12, 14 and 16-18 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Killen in view of Flowers (U.S. Publication No. 2004/0003572 A1 ). 

Regarding claim 12, Killen discloses a construction element as discussed above 
but does not disclose a wedge spacer placed in the space between the first and second 
block element. However, Flowers discloses a wedge spacer (40) placed in a space (50) 
between first and second block elements (1 , 6). Therefore, it would have been obvious 
for a person having ordinary skill in the arts at the time of the Applicant's invention to 
modify Killen to include a wedge spacer placed in the space between the first and 
second block element as taught by Flowers to provide support and rigidity. 

Regarding claim 14, Killen already modified by Flowers discloses a construction 
element as discussed above and further discloses that the filling material is mortar (Pg 
4, Par 94). 

Regarding claims 16-18, Killen discloses a construction element as discussed 
above but does not disclose that the spacer is made of metal or made of an organic 
material made of plastic. However, Flowers disclose a spacer (40) that can be made 
out of plastic or metals (Page 2, Par. 26). Therefore, it would have been obvious for a 
person having ordinary skill in the arts at the time of the Applicant's invention to modify 
Killen to include a spacer made of an organic material, an organic material made of 
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plastic or metal as taught by Flowers to provide a material with varying strengths 
appropriate to an environment in which the blocks will be used. 
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Annotated Figures 




Killen (U.S. Publication No. 2004/0128948) 



Conclusion 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Wang (U.S. Patent No. 6,794,054 B2) a flexible board; Workups 
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et al. (U.S. Patent No. 5,640,818) a bendable brick wall; Rosenqvist (GB 2052598 A) a 
flexible beam; Uniroyal Inc. (AU 424478) a flexible building element. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Christine T. Cajilig whose telephone number is (571) 
272-8143. The examiner can normally be reached on Monday - Friday from 9am - 5pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Lanna Mai can be reached on (571)272-6867. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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17 27 6/67 

This invention relates to a method of conatructing 
a hollow, opherieal curved eholl-type body capable of reaiet- 
lnir external preseuree and to the body ao made. 

Hollbw bodies capable of withstanding extremely 
high external rrcaaurea are in great demand for oceanographio - 
• r.i vupioua other typea of underwater research and explora- 
tion, and to serve aa the Icod-carrying envelopes fop under- 
water structuree, aa vehicle a for men and/or-lnetrumenta, 
or aa buoyant clemonta for attachment to underwater veeeels. 

It is known to make such vessels of a solid, 
integral metal shell and such shells have well-known.'euperior 
strength characteristics and realatance to buckling under the 
tremendoue compressive stresses to which they are subjected 
at great deptha below the eurfece of the water. Metallic 
vessels, however, arc disadvantageous In that their etrength- 
to-welght radio is relatively low, while their t/eight-to- 
displace.-aent ratio is relatively high. 

According to. the preeent invention, there" ii pro- 
vided a method of constructing a hollow, spherical body com- " 
Prising the steps of preparing a number of sheets of thermo- 
setting resin, reinforced with filaments having a deeirod or 
selected modulus of elasticity, the momenta extending from 
one major planar surface of the sheet to an. opposite major 
planar surface of the oheet aubstantially normal to the 
aurfacea thereof, the method compriaing cutting elemente from 
one or more sheets and assembling the elements into the form 
of a aphericol body with the filaments aligned eucstantislly 
radially of tne body, characterized in that a number of ele- 
ments are adhered to a backing sheet with the filaments normal 
to the plane of the backing sheet, the desired. number of back- 
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ing shoe to nth elements tiWe&Tafo^opplied to a mandrel 
having a epherioal or part-apherieal awrface to foraia 'spher- 
ical etrueture thereon, the backing sheet being en the side 
adjaoent to the mandrel, any spaces between adjacent elements 
are filled with uncured resin, and the etruoture is then eub^ 
Jected to a ouring treatment for any uncured resin* 
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17 27 6 t&i 

41ni.Jne.mnt. It j> c nt UthstnmUn* external 

praaauro, fl ml cAn ba mn.ia , 0 wUhotnrid proaauros of uj> to 
thouannda of pounds „a r «,,».:,.* inch, tha limiting Prosattri 
being determined to n large denrao by the modulus of 
-lK-tlcitr of tlio MV-rlnlo ...... I. S„ch n body ia thus 

Wf " "•'ttr.fj for unrtofwtnr uao. 

The body ..aa tlio further ndvantn 5 e over the previously 
Know,, metallic vessel, thnt it doe. not ronuir. •p.einl p„ X o r 
cspa or fitting, to permit occcs, to tho interior, ond can bo 
locally op,™. and cloned a, Mil ., ropnired by tho rcmovsl 
nnd rcplncamcnt of relatively small wall aoction. without 
impairing vessel strength. 

Preferred mathoda occording to the invention will „©w 
be doacribed i» detail, by way of exampl., with reference to 
the accompanying drawl nr.it in which |- 

Fig.l la n- pornpaotiva illustration of a preferred 
radial-filament -phere constructed of two identi.l hemispheres, 

Fig.a.ia a fra/rm^ntary vortical section through the 
sphere ahown in Fig.l, 

PISO 1s a perspective alovotional view of the basic 
structural member om„loyed in large number, in the manufacturo 
of the apharo ahown tn Ftgn.i and 2, 

rig. Vl» a similar view of tha anid member da modified.' 
prior to in the actual bull..-.. of tlltt neMlaphor . a| 

FlC-5 la a plan vi<M< of the mambnr ehown in Fi,./, 
ond illustrates a further atrnct.-ral modification thereof ■ 
which ia affected „rtor to tha hemtaphere-bntlding oparation, 

'lg.6 ia an -Icvotiooal view of 0 portly built-up 
hemiaphere which when completed ia to be u.ed in mahing the 
sphere of Fi5.l1 

Fig.6n ia a fra.-mentnry diagrammatic illuatration of tho 
manner of building rtf the hamiaphars ahown in Flg.6 from tho 
structural movers of His.Ji 
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W«. 7 la a diagraaaa^Slluftration of the effect oV 
eoaprecelve stresses en a unidirectional or paralloi-fUaaent 
aeaber of the type eaployod in the body according to the .' 
praeent invention; 

W«. 6 io a perspective illustration of another' preferred 
sphere conetructed of two identical healcpherea, 

Wf. 9 la a plan view of a built-up intermediate structural 
aeaber eaplojrod i a building up the hemispheres ueed in 
conetructing the ephere ehown in Pig. 8; 

W«. 9a le a eoaewhat enlarged perspective illuetration 
of the starting structural meaber e Bploy ed In buildiag up 
the Intermediate member sho»*n in Fig. 9. 

Wg. 10 is a aide devotional view of the said interaediate 
aeaber, taken along the line 10-10 in Pig. 9. 

?ige. 11 and 12 are schematic eievational vi, wo of a 
hemispherical mandrel and illustrate the first two steps In 
a further preferred aethod of building a radial-filament ' 
heal sphere 5 

M*. 13 is a sectional view taken along the li a , i >13 
in Pig. 12} 

Wg. 14 is an eievational view cf the aandrel, siaiiar 
to Pig. 12 , and 1Uua trates the next step of the said aethod, ' 

«*. 15 ie an eievational view cf the aandrel, seen 
at an angle 0/ 45° t 0 the plane of ^ ^ ^ 
.. further steps of this aethod. 

Pig. 16 is a fragmentary diagrammatic illustration of 
a radial-filament sphere shell and Illustrates one of the 
advantage, of bodies produced in acoordanoe with the present 
Invention; and 

Hg. 16a is a similar view of a conventional filaaeat- 
wound sphere shell and illustrates one of the disadvantages .... 
of euoh a construction. 

5 ' • 4 24.4 7 8 
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it hao been found tj..s when a ^flree-dimensiohal structure 
composed of a cured thermosetting resin matrix having embedded 
therein a multiplicity of parallel unidirectional filaments 
is subjected to bi-directional coaprooslvo stresses normal to 
tho filament orientation, the filaments are stressed in tension. 
TMs : 3 diagrammatical!/ illustrated in 71*. 7 wherein B 
•\:iotea a rectangularly prismatic structure, composed of a 
cured resin matrix having embedded therein a great number 
of filaments (not ohown) all oriented parallel to eaoh other 
in the direction of tho double-headed arrow P, and subjected 
to balanced compressive stresses cr'and tf*"which are 
perpendicular both to each other and to the filament direction. 
Under such conditions, the filaments are stressed in tension 
as indicated by the arrows I. 

In a hollow spherical vesssl eubjscted to external 
hydrostatic pressure over Its entire surfacs, the external 
pressure is opposed by balanced circumferential stresses in 
the wall of the vessel, and any given element of such a body- 
can thus be considered as being subjected to two perpendicular 
compressive etresses, both essentially parallel to the surfaos. 
Ths general equation for the circumferential stress in a .' • • 
spherical ehsll under external hydrostatio pressure is* 
(1) Pr 

°~ = K 

where P is the unit pressure, r. is the mean radius of the 
sphere, and t is the wall tbickneee of the shell. If, icw, 
each such elemont of the oholl body is oompoeed of a 
unidirectional-filament slab in which all ths individual fibres 
ars oriented substantially radially of the sphere and thus 
normal to the plane of application of the compressive stresses, 
the fibrsn in each element of the shell body will be stressed 
in tension. Thus, no buckling of the filaments oan oocur, 
which obviatos ths requirement of a high degree of straightnees 
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i- th. and •rr.ctVvAl^ aupport by ^..^ „ 

"ill b. ,.adi!y recognized that this ia precisely opposite 
to tha situation e*istl„ c ln conventional filaa.nt -wound . < 
eph.r.s, .h.r. traneverse bucking of tha m M ent wlnaliy , 8 
re.iatad only by the lateral support provided by the resin. 

It can be shown that the critical pressure P 0 ror th. 
buckling of a spherical eheli of wall thickness t and radiua r 

-bar. * ie the BO dulus cf elasticity. V ia Poiaaon-s ratio 
an« 1 is an e fflp i riC ally determinable nua e r ical constant, * 0 ep 
aubs.er.ence veseeis a„ also generally characterized by a figure 
of -erlt * which is define by the relation 

(3) ' 



where . ie the weight of the vessel, and D is tha weight of 
t«. water displaced thereby. Per a given vafce of the critical 
Pressure for buckling, the quanm , W/J)> ^ ^ ^ ^ _ 

displaced ratio, is related to the nature of the .aterial of 
which th. vessel is made by the proportionality. 

that a low velue for the ratio •/» represents a large payload" 
capability f 0 , the v.ssei, ^ froa equatioa (l) ^ ^ 

tMckn.ee t should be in direct property to the radius of 
the vessel, ao taat V08 „ l8 , f dlfrewat 8ixee ^ ^ ^ 

eaieo pr.ssur. capabilities. 

.„».„». ■„, «o (4) lt c „ w ^ ^ 
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of th. pr . aon t invention tbu. •ntaila the ua. of unidirectional 
fibre an« reain building omenta having an optiaally low value 
of///*, a ratio which d.creaae. a- £ inoreaa.a, S lB thi. caao 

the tranavaraa modulus of olaeticity of tho oleaent (i.e. 
• - ac.ulua perpendicular to tho filaaent direction). It i. 
, -furred to eaploy both reain and fibre coaponenta of high 
aodulue, eince both contribute to the tranaveree aodulua of the ' 
compoelte element. Kovertholeaa, it will be underatood that 
other factora, e.g. permianible deneity, weight, etc., aay place 
li-itationa on the choice of roain and/or fibre for the eleacut,. 

Korely by way of example, we have found that excellent 
roeulte are achieved by using glaaa fixate (having a aodulue 
of elaetlcit, in the range of about 10,000,000 to 12,500,000 pel) 
aa the fibre component in a reain matrix coopoaed of an epoxy 
roain syotem marketed by Minnesota Mining and Manufacturing 
Company under the designation "lOOO- (having a aodulue of about 
•430,000 pel). Alternatively, the fibre coaponent of the building 
element, aay include asbestos fibrea (modulus i» the range of 
about 24,000,000 to 25,000,000 poi), boron filament, (aodulue 
in the range of about 50,000,000 to 60,000,000 pei). oarbon • 
filaaenta (modulus in the range of about 20,000,000 to 70,000,000 
P-D, .apphira whiakera, tungeten whiakera, etc. The reain 
component may be an epoxy reain auch aa any of thoa. marketed 
by Onion Carbide Corporation under the deaignmtione -m-2256- 
(aodulua about 55O,0 P 0 pai), "ERRa-OJOO" (moduluo about 720,000 
pai) and - W -2U4- ( aoou iua about 1,0*>,000 poi). aa w, U a. 
other auch reain., and varioua other aynthetlo reaina auch a. 
Phenolic reain, melamine reain and the maleio alkyd/atyrene 
copolymer typee of polyeoter reaina, characterised by relatively 
low values of f/V* . w. have found, for example, that an element 

(Minnesota «i„i„g and l!a nufaoturing Coapany'e typo . 10 0 9 ») 

* 4 2 4.478 



bavin* embedded thercln\li3ile 6 ofi 7 onai fUaaonto of -s« glaas 
(77* of the total volume) can withetand balanced compreaaive 
,tWMM of 1«,000 pel la **ch of the <r' and <r" 
. dlreotlona. 

W«a. 1 and 2 show a hollo* ephere 25 constructed of two 
hemiapherea 2 5 a and 25b each built up In accordance with the 
preaont Invention. The method here employed, which we term the 
-lune- nethod, uses aa the starting natsrial a procured unidir- 
ectional sheet coapoaed of a rceln matrix,- e.g. opoxy reeln, 
and glass or other filaments oabedded therein, tho filaaenta 
axt.nding parallel to each other and to the wide facea of tho 
aheet. The aheet la first aevored into a plurality of thin 
-trip. 26 (Pig.3), the direction of cutting being perpendicular 
to both the direction of the filaaenta and the piano of the 
aheet. lach atrip 26 thua haa a multitude of ehort, cloasly 
packed filament lengths extanding perpendicularly to ita 
wider facea, aa indicated diagrauimatically at 26a. The 
thlckneaa of the atripa 26 will, of courae, depend on the intended 
atruotural and etrength charaoteriatica of the ephere to be 
oonatruotad. 

Baoh atrip 26 la then cut into a section 27 having the 
ahape of a half-lune (Fig. 4), and an adheaiva tape 28 having 
a preeaure-aenaltiv. adhealve on each face thereof la applied 
to one face of each half-lunate aeotion 27. Aa the' final prep- 
aratory otep, each half-m^te aeotion 27 la cut into Oleaenta 
27a in a rectangular grid pattern (Fig. 5 ), aevering it to. 
but not through, the adhesive tape backing. The eleaenta 27a 
thua remain adhered to the backing tapa, and the aaaeably thereby ' 
haa a two-dl«ansional foraability, i. e . tho ablut7 to b „ nd 
both longitudinally and transvsrsoly. 

The aanner in which the various half-lunate aectiona 27 
are built up into the foro of a haaiephere 25a (or 25b) la 
' 9 424,4 7 8 
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Poratlon i„ 0 destructible spherical aaadrel 29 of tn. 
appropriate outor di a »«t^ „ 9 the 

alloy e , . ' of a lo^tw 

t'-i* w.uulrol with ••wnon* onto 

with their respective adheelve tape backing l a 

* v 08low *>>e aandrel "eouator" r«„ . 

■"t— nZ^l'."- ■ 

th.n.o..tt lw re.l« . . ** •»'»•»'!»«• 

...... . . *« «» «»• ».»..*!.. 

17/ *° 01 " 1 * h *"- i » ««- «- whCT ' 

.« , p * 28 la *l»o roooved. en* 

annular equatorial surface of th„ h . v 

ground true eo it * ' °' thd la then out and 

"eatloaTb ' : ^ "* 

* Ce of " e tog eth.r ' 

aeseabled ephere i» then a 6 al a eubjeoted ^ 
*o eet the adhesive. *° 6 ^ ° P<ra * lon 
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17 27 6/67 • 
?or a radial-fi Iaae „t sphere of this typ., having a 3-inch 
inner dimeter, we havo found a wall tbictaeo. of 0.180 inch 
(the component stripe being tranavsrsoly out to that thickness 
Tom a J lnch thick unidirectional sheet of •poxy-bonded giaes 
filament, obtained from the Kinnosota Mining and Manufacturing 
Company and available in varicuo thicknesses) to be sufficient 
to provide a collapoe pressure in excess of 13,000 psi at a 
wsight-to-displaceaent ratio of 0.53. A comparable filament- 
wound and internal ring-otUfenod construction having a collapoe 
praeeure of 13,600 poi i 9 found to have a weight-to-dieplaco- 
»ent ratio of 0.62, the increase of about 17* in woig ht r e- 
presenting a correspondingly reduced payioad capability. 

A somewhat different method, herein termed the » V J octant" 
»e*hod, of building a radial-filament sphere from unidirectional 
resin and filament sheets is nitrated i„ We ,. 8 to 10 
As before, a sphere 3 0 (?i s . 8) may oe constructed by Joining 
two identical ho B l flph ores 30a and 3 0b. Bach hemisphere ie 
however, made up of four ouadrant 88C tors 31. each of which is . 
an octant of a sphere, and each o_„adra a t of the hemisphsre is 
-de „p of three substantial* identical, four-sided, spherically 
curved ssotlons 3 2 (see also Figs. 9 «„d 10 ) each having a 
one-third octant shape ths area and contours of which can bs 
easily calculated from known geometrical oonsidorations. 

Ao the first step of the preferred hemisphere-building 
method according to this aspect of the pressnt invention, a ' 
number of elongated planar etripe 33 (rig. 9 a) somewhat greater 
than the number required for the one-third octant section 32 
to be formed are aoeembled in side-by-,id. relation and 
olamped together against a flat surface, with the fibres 
oriented normal to said surface. A thin-heet 34 of rubber or 
other flexible material capable of being formed smoothly over 
a doubly curved surface i„ then cemented to the entire exposed 
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race of this a.sombly oJ a&'jcWhe a.sembl.d .trip. ... 

then cut transversely to their line, of Juncture, down to but 
not thresh the flexible sheet 34. resulting la the formation 
of a relatively iar £ e number or small ele.ests 33a which are . 
cc.,„t.d enly to the rubber sheet but not to each other. This 

M< "" 18 then lald ° nt ° a Sicily curved mandrel of proper 
rvliu. (with the sheet 34 a C ainst the mandrel surface) and 
is impregnated with epoxy resin to mi the num.rou. 
essentially v-ehaped cracks between the element.; After the 
resin filling ls cured , tno oceti0Q ^ pf ^ ^ 

backing and excess resin, and cut and trimmed to the exact 
ccntoure of a one-third octant as ebo»n in *ig. 9 . Ihree 
ouch cured sections 32 are then assembled on a hcisph.rioal 
nandrel and fitted together to constitute an octant 31 of the 
ophere, and epoxy resin is applied to ths siting or abutting 
surfaces of the sections and cured to collet, the octant. 
Four such octants, propcrljr , rl ^ ^ 

-andrel, and epoxy resin is applied to their mating aurfaces 
and cured, to complete ths hemisphere (30a or 30b). Two such 
hemisphsree are thereafter eouatorially joined as befcr. by 
an epoxy resin bond to complete the sphere. 

Yet another preferred method of building a hollow sphere 
according to the present invention is illustrated l« W g 8 . u 
to 15. m this method, heroin tsrmsd ths "strip- method, elon- 
gated atrip. 35 of unidirectional elemente are employed, each 
otrip consisting of an end-to-end arrangement of a number of 
ouch elements adhered at one face to a double-faced, pr ea.ur. 
aensitive adhesive tape 37 (elmilar to the tape 28 ' shown in . 
"as 2, 4 and 6). The foment, are, as before, perpendicular 
to the tape backing. The method involve, first forming an " 
equatorial region, one or more .tripe i n wl « th| along tn , 
-.quator- of the .pherical mandrel * u) , ^ ^ „ 
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*>lne ..curt* to the IL&J ^ 

•or. .trip. 35a ar. laid aloes a *reat eirel. pat* « anOT . 
the -pol.. or the «adrel, joiai* two diaarfraliir 
Motion, of tb. upperaoet ed*. or th. ^ .^aataral 

8trlP 35 (W « 8 ' 12 ** d r-o quart«r-*ircl. 3^ 

ar. th« laid onto th. aaadrel, 8pacea ^ ^ Mgm ^ 
aad ext.adi,* fro. oppoait. .idea of polar atrfp. 35. ^ U 
th. eorr.epondla* diaaetrallj opposed a.ctio*. of J ^ 
•««e or th. tepaoat equatorial boad 35 <W*.14>. *t tM. 
-ta«o, therefore, ther. ar, .till op.a f**. apbarte^ 
triangular .eetioa. of th*. heaiaphara. ». M ar. th*. aiW 
la Prosroasi,^ bjr appl , lae rather .trip, 35c at*. ( H«.15) 
cut to euitabl. .hap. .her. th., ..et corcar. of 
triable.. It t . Maln noted ^ ^ aet ^ ^ ^ 

loa.rao.t .trip 35 Mil prer.rabl, ^ ^ 

••quator- of the .andrel 29. After tha hmU^htrm bmm 
co.pl.t.d ia thi. .aaner. th. craoh. ar. ni« to ^ w 
reeia aa previoueljr deacribed, aad th. eatir. maM ^ „ 
««< aad. artar re-ovo, or th. aaadr.1 aa* *». t^. 
accurate* la th. equatorial plaao. a i. 
th.a ror-.d, aa a We. bjr ce^ti^ t*o ^ ^ 
each other alon« their equatorial «4g... 

Despite difrerencea in the .arioua ah^.^^ 
or oonatruotion, all ephorea built up ia accorW. tha 
( principle. 0 r the preeent iav.atioa a«X par*™ au^n^ 

"^7 ,U,der atal c**^. ^ 

to th. quanrioatioa that th. preeene. a* 
folate or a P ac.a between adjoiaiu* electa *, «. a^ 
produced b, th. -lua... .^-octaaf aa* tf 
ooaatraotioa reduce al*htl, the critical ^ ^ ' 

ehell. It win be apparent, h<*.».r. that a** 
e. filled aith tap.r.d piece, or uaidir.cttcaaaL 



reinforced resin cut fro! 'x& IftifiLurUl as the other 
eleaents, which pieces would be oeaented in place with the 
fibre lengths therein also oriented substantially radially 
of the sphere, whereby the aforesaid slight decrease in- 
critical pressure could be avoided. In any event, the 
offoetivenees of all these spheres in sustaining extreaely 
high external pressures eteas directly froa the radial 
orientation of the filnnonts which provides strength and 
elastic stability far beyond those of conventional filaaent- 
wound constructions, stated in other words, the radial filaaent 
in the body according to the present invention are clrcua- 
ferentially isotropic, i.e. they are equally effective in all 
circuaferential directions, whereas in conventional filaaent- 
wound structures a el von filaaent provides support priaarily " 
in a eingle direction, which aakes it approxiaately one-half 
as effective as the filaaents in the struoturss according to 
the present invention. 

It should also be noted that the uncured unidirectional 
filaasnt and resin aaterial, which is used to aake the basis- 
building ele»ents of ths spheres, generally aay be relatively 
resin-rich (resin about 35 to 50* of the total voluae) and 
thus has a naxiaua filaaent content of about 65*. We have 
found it advantageous, however, to uos a filaasnt content above 
about 65* and preferably in the range of about 75 to 90* of 
the total voluae. Thi* condition can be readily achieved by 
squeezing out sob. of the resin froa the unoured aaterial 
prior to the curing thereof. The reaeon is that, with a higher ' 
filaaent oontent in the shell wall, the sphere oan withstand 
higher external hydrostatic pressures.. Nevertheless," the 
principleo of the present invention can also be lapleaented by 
using the original aaterial of unreduced resin oontent, it 
being understood that the critical pressure rating of a sphere ' 

14 

424478 



bo produced will be eoaewha?' ?ower'than that of a sphere haying 
a reduoed reein content and thus an increased fibre content. 

As an example of the preeent invention, we have constructed 
a radial-filament sphere 3 inchee in diameter, by the method 
of Pigs. 11 to 15 describod herein, froa epoxy reein sheet 
reinforced with fibreglaos filaments, the reein having a 
modulus of slasticity of 430,000 pei and the glaee of modulus 
12,400,00 psi (supplied by Kinnooota Mining and. Kanufacturing 
Company under the designation 1009-29A). The volume fraction 
of filaments preeent In the sphere was 77* and the sphere had 
a weight-to-dieplacernent ratio (V/D) of 0.50. In aotual toete, 
thie apbere euetained an external hydrostatio pressure of 
25,000 psi without failure. 

Still further advantages of the body aeoording to the 
preeent invention will become evident froa a consideration 
and comparieon of Pigs. 16 and 16a of the drawings. Thus, as 
shown in Pig. 16, in a radial-filament ephsrlcal shsll 49 it 
is possible to provide a port opening 50 with radial boundary 
eurfaoei, as indioated by the broken lines 50a and 50b. Sinoe • 
the filaments are substantially radially oriented, the port . 
opening oan be formed by cutting a segment of suitable size . 
directly out of the shell wall without Introducing any end- 
loading streesea, and without any need to provide means for 
preventing failure of the structure by spreading or examination 
of the wall.' Bjr way of contradistinction, as shown in Fig.l6a 
in a conventional filament-wound spherical shell 51 the provision 
of a port opening 52, even with radial boundary surfaces, 
entaile cutting across the filaments, which automatically 
introduoes end-loading stressss and makes it imperative to 
provide eupporting flanges at the opening to prevent failure 
by eprsading or delamination. from thie it will bs appreciated 
that in the event a portion of a radial-filament sphere io 
damaged, it le poeslbls to rspair the earns quite easily, since 

15 424.478 



it la necessary simply to cut oufc the damage* portion with an / 
identical mating radial-filament section which oan be oemented 




in plaoe to repair the ehcll without loaa of strength. It will. 

be equally evident that thie type of repair le impossible In 

a conventional filAment-wound shell einoe the severed filaments 

«••.•;?.: the damaged area cannot be reconnected* 

Yot another advantage of the body of the preeent invention 

ia that a sphere of this type need not be provided with polar 

end fittings or caps to provide access to the Interior of 

the sphere. Especially where the sphere is initially constructed 

of two identical hemispheres, it is possible to insert the 

payload, e.g. the instruments and/or other materials, into 

one of the hemispheres prior to the cementing thereof to the 

other hemisphere for completion of the sphere , whereby the 

entire interior of the sphore is available for pay load. Ihim 

is essentially impossible in a filament-wound, sphere which At*, ... 

• * >• * - ■ * 4 
all times requires the provision of generally metal polar caps 

or fittings to provide access to the intsrior of the sphere/ " 

and since a filament -wound sphere dan only- be formel as an 

entity , the polar openings therein must of necessity he relatively 

small, limiting the degree of access obtainable and oonccaitantly 

limiting the sizes and character of instruments which can be 

inserted into the sphere to width dimensions less than the . • 

diameter of such openings. In addition, the need for metal . 

polar fittings in a filament-wound sphere, increases its welght- 

to-dlsplacement ratio which, as previously mentioned, decreases' 

its payload capability in corresponding degree* • 
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-PPlied to a fflon drel havi ng a B.herica! or P art-epherical 

to ^ a . pherIcal 8tructure ■ J J£ 

h Bt b0lftS °" tbe to the aand rel. ^ 8paceo 

between advent electa are ruled . lth uncured^.in 1 
the etrueture la then auh.eeted to a c «r lnc trealen f 
uncured ream. treatment for any 
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17.27 6/67. 

a A mfcthod according to claia 1 In which the Poking 
sheet is applied to the sheet material before thia io 
cut into elcaents. 

3 A aethod according to clala 1 or claim 2 in which the 
•*>::nte are fonaed by cutting the eheet aaterial in a 
rectangular grid pattern. 

<V a aethod according to any one of the preceding claims 
in which the sheet material ia oured before it is cut to 
form the elements. 

$ A oethod according to any one of the preceding claims 
in which the backing ohcet in a double-faced pressure- 
sensitive adhesivo tape. 

^A method according to ary one of claims 1 to 4 in 
which the backing sheet io a sheet of flexible aaterial 
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.1/ *" ,rJlne " - " «— "HI. 
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11. 



to foro a aerioo of elementa adhering to the baoking 
aheet, and a heraiephore is built up on a epherioal 
mandrel by firot applying at least one atrip to the 
mandrel aa an equatorial band, then at least one etrip 
over the pole of the mandrel from one edge to the 
diametrically opposite edge of the equatorial band, 
then at leaet one atrip on each aide of the polar band 
extending transversely thereto to the edge of the equa- 
torial band, and finally angularly direoted etripa within 
each of the ophorical trianglee previously defined oh 
the mandrel eurface until the trianglee are completely 
filled. 

A hollow ophoric\lly curved shell-type body 
constructed by a method according to any one of the 
preceding claims. 

BATED THIS 17TH DAY OF DECEMBER , 1966 * 
UNI ROYAL , INC. 



Agent for the Applicants. 
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30 RUSSELL STREET, 
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(54) Building Dressing Board 

(57) A building dressing board is 
provided which is flexible and 
relatively light in weight by virtue of a 
relatively thin backing or body part 
(which may be of concrete) to which 
are affixed surface members (shown 
as plates — of brick, clinker, concrete 
or other rigid material) so arranged 
that grooves are formed between 
them, and by virtue of the flexibility of 



a reinforcing or bonding material 
which bridges the grooves and is 
elsewhere embedded in the backing or 
body part The reinforcing material 
may be of metal (e.g. galvanised sheet 
steel) reticulated where embedded but 
intact where it bridges the grooves 
and serves for fixing the building 
board to a building structure (e.g. by 
means of screws or by welding.) After 
the fixing the grooves are filled with a 
jointing substance, so that a 
concealed fixing of the board is 
accomplished. The surface members 
and the backing or body part may, if 
desired, be formed integrally of one 
and the same material. 



The drawings originally filed were 
informal and the print here 
reproduced is taken from a later 
filed formal copy. 
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SPECIFICATION 
Building Dressing Board 

The present invention concerns a building 
dressing board comprising surface members of 
5 brick, clinker or other rigid material. 

In prior art several different building boards 
made of concrete and brick are known. Usually 
these are large boards with the size of a whole 
wall. The manufacturing of such boards Implies, 

1 0 among other things, the use of steel 

reinforcements conforming to the concrete 
standards. It is due to the size and mass of known 
boards that their mounting is difficult and implies 
the use of cranes or equivalent equipment. The 

1 5 fixing of known boards is also inconvenient, 

inasmuch as they are usually fixed by welding and 
grouting. 

The building boards of prior art are also 
completely rigid. Therefore they cannot be bent to 
20 form curved surfaces. From the rigidity of the 
boards also arises the drawback that stresses are 
easily set up in the boards and as their results, 
cracks appear — in particular in the case of thin 
boards. 

25 An object of the present invention Is to provide 
a new type of building dressing board by the aid 
of which the above-described drawbacks, among 
others, can be avoided. The dressing board of the 
invention is characterized by the circumstances 

30 set forth in claim 1 . 

The greatest advantages of the Information can 
be observed to be the following. The dressing 
board of the invention has a light weight and it is 
easy to mount by human labour. Curved surfaces 

35 may also be built with it. The board also is not 
sensitive to stress cracks. Fixing of the board is 
feasible to virtually any base. The range of use of 
the board of the invention is also exceedingly 
broad, since it is usable on all and any surfaces of 

40 a building. 

In the following, the invention and the other 
advantages gainable with its aid are described in 
detail, with reference to the attached drawings. 
Fig, 1 presents one embodiment of the 

45 invention, in perspective. 

Fig. 2 shows the board of Fig. 1 , bent to a 
curved shape. 

Fig. 3 shows the cross section of a board 
embodying the invention. 

50 The building dressing board shown in Fig. 1 
comprises an outer surface composed of a 
plurality of surface members, here shown as 
plates 1 . The surface plates consist most 
appropriately of brick, clinker, mosaic or concrete. 

55 The surface plates 1 have at the manufacturing 
state been affixed to a backing or body part 2 in 
such manner that there remain grooves 3 
between the surface plates. Within the body part 
2 has been disposed a reinforcing or bonding 

60 material, which shall be more closely explained 
later on. 

As shown in Fig. 2, the board of the invention 
may be angulated at the grooves 3. The 
angulation (bending) is rendered possible by the 



65 bonding material and by the way in which it has 
been disposed in the body part 2. This is more 
closely illustrated by Fig. 3. In Fig. 3, the surface 
plates have been indicated with the reference 
numerals 4 and the body part with 5. Within the 

70 body part 5 has been disposed a reticular 
reinforcing or bonding sheet 6 made by 
machining of preferably galvanized steel sheet. 
The bonding sheet 6 presents intact metal at each 
groove 7. Furthermore, there has been provided a 

75 V-shaped fold at each groove 7, whereby the 
metal extends virtually down to the surface of the 
body part 5 in each groove 7. 

When the board is bent to an angle along one 
of the grooves 7, the bonding material 6 operates 

80 as a hinge between the different parts of the 
board. Even if thereby the metal were exposed, 
there is no risk of corrosion because the metal 
sheet is galvanized or protected against corrosion 
in another way. 

85 Fixing of the board may be accomplished in 
one of many ways. Fig. 3 presents two different 
modes of fixing, although naturally only one mode 
of fixing at a time will be used. The board may be 
fixed, as shown in Fig. 3, by means of screws 8. 

90 The metal sheet 6 may be pre-perforated at the V- 
shaped folds to the purpose of fixing. 

Fixing of the board may also be accomplished 
by welding if the board is affixed to a suitable 
metallic base. The fixing by welding is illustrated 

95 at 9 in Fig. 3. In that case, a bent, thicker metal 
piece is placed in the V-shaped groove 7, this 
metal piece having a hole in its centre. Through 
this hole the piece is welded to the base, whereby 
at the same time the board will be fixed to the 
100 base. 

The fixing of the board completed, the grooves 
7 are filled with a Jointing substance 10. The 
jointing carried out afterwards enables individual 
jointing to be done in each particular Instance. 

1 05 The design of the invention just described 
enables the board to be made comparatively thin 
and light In practice, the appropriate thickness of 
the backing or body part Is usually between 1 0 
and 50 mm. 

110 In the foregoing, the invention has been 
described with reference being made to one 
favourable embodiment example only, but it is to 
be understood that the invention may be modified 
in numerous ways within the scope of the claims 

1 1 5 following below. For instance, the concrete of the 
backing or body part may be replaced with an 
equivalent material which binds the surface 
members and the bonding material 6 to one 
integral board. As such materials, plastic resins 

1 20 for instance may be contemplated. 

It is furthermore possible to make the surface 
members and the backing or body part of one and 
the same material, in which case there are no 
separate surface plates; instead, equivalent 

1 25 grooves are formed In the body part. 

Claims 

1 . A building dressing board comprising 
surface members of brick, clinker, concrete or„ 
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another rigid materiel, a relatively thin body part 
and a bonding material disposed within said body 
part, 

the surface members being so arranged that 
5 between them grooves are formed, at the bottom 
of which a concealed fixing of the board can be 
accomplished; 

and the bonding material being so disposed 
within the body part that at least at one of the 
1 o said grooves it extends either all the way down to 
the surface of the body part or at least close to the 
surface. 

2. Dressing board according to claim 1 , 
characterized in that the bonding material 

1 5 consists of netting made of sheet metal and of 
which the parts extending close to the surface of 
the body part consist of intact metal sheet. 

3. Dressing board according to claim 2, 



characterized in that the sheet metal is galvanized 
20 steel. 

4. Dressing board according to any one of the 
preceding claims, characterized in that at the site 
of each of the said grooves there is formed in the 
bonding material a V-shaped groove, as seen in 

25 the direction of the cross section of the board. 

5. Dressing board according to any one of the 
preceding claims, characterized in that the 
thickness of the body part is between 1 0 and 50 
mm. 

30 6. Dressing board according to any one of the 
preceding claims, characterized in that the surface 
plates have been formed of the same integral 
material as the body part. 

7. A building dressing board substantially as 

35 herein described with reference to the 
accompanying drawings. 



Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1981. Published by the Patent Office. 
25 Southampton Buildings. London, WC2 A 1 AY, from which copies may be obtained. 
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